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HIGHLIGHTS 
• Gaze strategy towards tangent point is not 
affected by natural context experience. 
• Curvature angles modified fixation patterns. 
• Visual demands increased during sharper 
curves in simulated curve negotiation. 
 
ABBREVIATIONS 
AOI Areas of Interest 
DR  Drivers 
Gamers  who regularly play racing video  
 games 
ND Non-Drivers 
TP tangent point 
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BACKGROUND: During curve negotiation, drivers tend to look at the tangent point of the curve (TP) to control 
steering. There is a lack of evidence on how experiences of natural and simulated driving are related. 
AIM: This study aimed to investigate the effects of experience in natural driving on gaze behavior of racing video 
game players. Additionally, we aimed to identify possible effects of curvature angle on fixation patterns. 
METHOD: Twenty video game players composed two groups: driver-gamers and non-driver-gamers. The gaze of 
participants was recorded during performance of three laps racing on a video game circuit, which included 
eleven curves. Areas of interest were defined relative to TP: 3 degrees of visual angle, 10 degrees of visual 
angle, and others. Dependent variables were: Number of Fixations and Total Duration of Fixations. 
RESULTS: Results showed that driving experience in a natural context did not change TP visual strategy during 
curve negotiation in a racing video game environment. All participants spent approximately half of their number 
of fixations and total fixation time within 10 degrees around the TP. Curvature angles modified fixation patterns, 
causing a higher number of fixations and total fixation time during sharper curves. 
CONCLUSION: The results indicate that natural driving experience does not change gamers’ gaze behavior 
during simulated curve negotiation while visual information acquisition from the TP was modulated by curvature 
angle. 
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INTRODUCTION 
The role of vision during driving has been studied for many years1,2,3. Advances in 
technology have enabled the recording of eye movements during a variety of tasks in 
natural and simulated environments (e.g., Gotardi et al. (2019)4, Ciceri et al. (2014)5, 
Lehtonen et al. (2013)3, Konstantopoulos, Chapman, & Crundall (2010)6). Highly complex 
visuomotor tasks, such as driving a vehicle, require sophisticated coordination between 
superior and inferior limbs, as well as gaze orientation with respect to the lane7. 
During curve negotiations, drivers direct their gaze fixations towards the tangent 
point (TP), defined as the most prominent point on the inner side of the bend where the 
driver’s line of gaze is tangential to the road edge2. Land and Lee (1994)2 investigated 
steering control on a road with steep curves, recording the steering wheel angle and the 
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drivers’ gaze direction, and found that before the car entered the bend and during the bend, 
drivers spent a lot of time fixating on the TP; a clear correlation between gaze and steering 
wheel angle occurred, with eye movements preceding the rotation of the steering wheel by 
approximately 0.8 s, suggesting that gaze angle directed at the TP prior to entering and 
during bends can provide informational knowledge needed to control the steering wheel2,8. 
This finding has been confirmed by more recent studies, although complementary and 
alternative explanations are still under debate9,10,11. Interestingly, Land and Lee’s findings 
were associated with the use of winding country roads, one-way and single lane (without 
the distraction of other traffic), where the curvature changed continuously and 
unpredictably8. This makes lane edge feedback on its own a less efficient basis for 
steering and estimating values of future curvature; the authors pointed out that earlier 
studies had relatively shallow curvatures and found only a weak relationship between gaze 
direction and steering control (e.g., Zwahlen (1993)12). The authors also explained that 
during gentle bends of constant curvature, simple lane position maintenance (based on 
visual feedback from local splay angles) enables rapid steering to adapt to road curvature, 
without explicit estimates of bend curvature, allowing motor adjustments as necessary. 
Under these circumstances, although feed forward (anticipatory) estimates of future 
curvature from either road features or flow lines can supplement this process, they may not 
be necessary at moderate speeds8. 
Few studies have focused on the effects of experience on curve negotiation during 
driving. Lehtonen et al. (2013)3 classified two types of fixations during curves; guiding 
fixations to collect information relative to the ongoing task (e.g., guiding the vehicle through 
the curve), and look-ahead fixations to support prediction of how the parameters 
associated with the task will behave in the near future (e.g., an upcoming corner or 
information from the TP). Experienced and novice drivers were asked to drive an 
instrumented vehicle on a rural road while their eye movements were recorded. The 
experienced drivers spent less time performing fixations towards the oncoming road and 
more time on the look-ahead fixations over the curves. The authors suggested that with 
driving experience, peripheral vision can be increasingly used in the visual guidance of 
steering. This could allow experienced drivers to spend more time of their visual attention 
on look-ahead fixations over curves, facilitating trajectory planning and detection of the TP3. 
It has been shown that experienced drivers perform a greater number of shorter fixations 
with a wider horizontal spread across the visual scene when compared to novice drivers13,6, 
indicating that driving experience plays a critical role in driving. However, there is a dearth 
of evidence on whether driving experience influences TP gaze strategy during curve 
negotiation in a simulated environment (e.g., driving simulators, racing video games). 
Video games represent a relevant environment to investigate perception-action 
functioning. It is known that video game practice improves cognitive and perceptual-motor 
skills14 and that video game players react faster than non-video game players in a variety 
of tasks15. In addition, it is well established in the motor behavior literature that practice 
and experience induce improvement in perceptual-motor performance and that context 
similarities facilitate learning transfer (e.g., Magill (2013)16, Schmidt (2008)17). However, 
how these general principles apply to natural and simulated driving and gaze behavior is a 
matter of debate. The aim of this study was to investigate the effects of driving experience 
in a natural context on gaze behavior in experienced video game players in a simulated 
driving task. Firstly, we hypothesized that experienced drivers who regularly play racing 
video games (gamers) would perform a higher number of fixations and spend more time 
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fixating towards the TP during curve negotiation compared to the non-driver gamers; we 
expected that this effect of driving experience on gaze strategy towards the TP during 
curve negotiation would also be present in the simulated video game environment. 
Secondly, we hypothesized that steeper curvatures would increase the need for 
information acquisition in the tangent area, causing a higher number and total duration of 
fixations during curve negotiation in a simulated context. 
 
METHODS  
 
Participants 
Twenty young adults voluntarily participated in this study, being equally divided 
into two groups: Drivers (DR; 24.5 ± 2.36 years, 84.6 ± 18.9 kg, 176.9 ± 3.7 cm) and Non-
Drivers (ND; 19.5 ± 3.74 years, 65.9 ± 10.7 kg, 168.4 ± 6.9 cm). All participants presented 
a similar experience profile, declaring regular practice in racing video games with a 
minimum frequency of three times per week and one hour per session. Participants were 
informed about the objectives and procedures of the experiment, and reported no 
muscular, neurological, postural, or locomotor diseases. All participants had normal visual 
acuity or corrected to normal by glasses or contact lenses. Participants in the DR group 
held a Brazilian driver’s license with minimum driving experience of four years in natural, 
“real world” situations. Ethical approval for the study was obtained from the Local 
Committee and participants signed an informed consent before starting the study. 
 
Apparatus and procedures 
Participants were seated in a chair in front of a regular table (width = 130 cm x 
depth = 59.5 cm x height = 75 cm) with the following pieces of equipment attached and 
correctly positioned: gear-shifter, steering wheel, and accelerator, brake, and clutch pedals 
(Logitech G27), as shown in Figure 1C. The chair back rest was positioned 2m from the 
projection screen (204 cm x 154 cm, Projetelas Infinity) where the video game image was 
projected (projector BenQ MX720). The racing video game Gran Tourism (version 4), 
running on Playstation 2 (Sony), was set with the following configurations: Arcade Mode, 
Time Trial, Original Circuits, Autumn Ring Mini, and Ford Ka 01. Participants’ eye 
movements were recorded by a head-mounted eye tracker (model H6, ASL) at a sampling 
rate of 60 Hz. 
Participants were free to adjust the distance of the steering wheel and pedals in 
order to allow a comfortable driving posture. All participants were allowed five-minutes of 
driving to familiarize themselves with the equipment and software. The eye tracker was 
adjusted to each participant’s head and a nine-point calibration was conducted to 
accurately measure the participant’s point of gaze throughout the trial. Crossed lines in 
Figure 1B represent point of gaze during curve negotiation. A regular television (Sony 
Triniton) was used to reproduce the audio generated by the racing video game. 
Participants were instructed to complete three laps in the game circuit (Autumn Ring Mini) 
as fast as possible. This circuit contained eleven curves with distinct curvature angles, as 
shown in Figure 1A. 
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Figure 1. (A) The Autumn Ring Mini circuit, on which participants performed the task (http://gran-
turismo.wikia.com/wiki/File:Autumn_Ring_Mini_Forward.png); (B) Example frame of video scene during a 
curve negotiation within the racing video game task, showing a superimposed black cursor (horizontal and 
vertical lines) which represents the participant’s line of gaze; and (C) Photograph of the experimental setup. 
 
Data Analysis 
Gaze recordings were transferred to a PC (ASUS) running ASL Results Plus 
software (version 1.8.2.18, ASL). The videos were analyzed through Areas of Interest 
(AOI) analyses. AOIs were two-dimensional (2-D) rectangular regions defined in the 
viewing layout (e.g., eye tracker scene video) in which the gaze fixation patterns (number 
and duration of fixations) were identified in relevant parts of the visual scene. Three AOIs 
were defined: i) 3 degrees from the TP; ii) 10 degrees from the TP, and iii) Others - all 
portions of the visual scene that were not considered an AOI. Although foveal vision is 
usually defined within two or three degrees of visual angle, due to anatomical distribution 
of cones over the retina, an alternative area of 10 degrees was used based on evidence of 
the utility of parafoveal processing (e.g., Fiorentini (1989)18, Traschütz, Zinke, & Wegener 
(2012)19). The center of the AOIs of 3 and 10 degrees was located on the TP, which was 
defined as the point inside the curve on the lane edge where the line of sight is tangential 
to the lane edge, and corresponds to the point in the driver’s visual field where the visual 
orientation of the projection of the edge line is reversed11. The same angular length of 
each area was utilized in both horizontal and vertical axes. Rectangular regions of the 
scene defined as AOIs were calculated a priori based on the size of the projected image 
and drivers’ distance from it. Each AOI was manually positioned frame-by-frame relative to 
the TP in order to maintain correct locations while the visual path was constantly moving 
throughout the curves. 
Gaze analysis was based only on the video frames of each curve, excluding 
rectilinear trajectories. Curves were taken to be between the first look at the TP, and the 
disappearance of the TP at the exit from the curve2.  
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The dependent variables, resulting from the mean value of three laps in the circuit 
with respect to each AOI, were defined as follows: Number of Fixations (units) – total 
number of fixations identified during each curve; and Total Duration of Fixations (s) – sum 
of duration of all fixations identified during each curve. The criteria adopted for gaze 
fixation was when two times the point of gaze standard deviation (95% confidence interval) 
was less than one degree of visual angle (horizontal and vertical) over 100 ms. Zero 
values represented trials in which no fixations occurred in a given AOI for both number and 
duration of fixation variables. An additional analysis quantified this absence of fixations, 
attributing values of zero (no fixations) and one (with fixations) to each design cell. Each 
dependent variable was submitted to a Group (Drivers, Non-Drivers) by AOI (3 degrees, 
10 degrees, others) by Curve (Curves 1 to 11) analysis of variance with repeated 
measures in the last two factors. Tests of contrast were conducted as post hoc tests 
specifically to evaluate trends in Curvature Angle effect. Post-hoc Tukey HSD tests, 
Greenhouse-Geisser degrees of freedom adjustments, and Bonferroni multiple comparison 
probability adjustments were conducted as necessary20. The alpha value was set at 0.05 
for all analyses. Effect sizes were calculated using Partial Eta Squared with 0.02 or less, 
approximately 0.13, and 0.26 or more, representing small, medium, and large effect sizes, 
respectively21. Matlab software (The Matworks Inc., 2010- version 7.10.0.499) was used 
for necessary calculations and SPSS (SPSS Inc., 2008 – version 17.0.1) for statistical 
analysis. 
  
RESULTS  
 
Total fixation duration was significantly affected by AOI, F (2, 36) = 18.32, p< .001, 
η2 = .504, and by Curve, F (1.2, 21.0) = 5.34, p = .027, η2 = .229. Post-hoc tests showed 
that total fixation duration was significantly smaller in AOI of 3 degrees than in AOI of 10 
degrees (p < .001) and in AOI others (p< .001), as shown in Figure 2A. The Post hoc test 
of the curvature angle effect indicated a significant linear trend, F (1, 18) = 56.15, p< .001, 
η2 = .757, demonstrating that total fixation duration increased as curvature angle increased, 
as shown in Figure 2B. The curvature angle was capable of explaining 51% of the variation 
in total fixation duration values. 
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Figure 2. Total Fixation Duration (s) for (A) areas of interest of 3 degrees, 10 degrees, and others 
[*Significant difference at .05 level] and (B) as a function of curvature angles (degrees) [Regression line 
shown as dashed line]. 
 
Number of fixations was significantly affected by AOI, F (2, 36) = 29.53, p< .001, 
η2 = .621, by Curve, F (10, 180) = 22.19, p< .001, η2 = .552, and AOI by Curve interaction, 
F (5.5, 11.5) = 18.32, p = .002, η2= .178. Post-hoc tests showed that number of fixations 
was significantly smaller in AOI of 3 degrees (M = .70, SE = .20) than in AOI of 10 degrees 
(M = 3.98, SE = .48) and in AOI others (M = 3.96, SE = .32), p< .001. Additionally, post-
hoc tests revealed significant effects of curve on the number of fixations in AOIs of 3 
degrees (p = .009), 10 degrees (p< .001), and others (p< .001). Post hoc tests of the 
curvature angle effect conducted separately for each AOI indicated significant linear trends 
for AOI of 3 degrees, F (1, 18) = 12.34, p = .002, η2= .407 (Figure 3C), AOI of 10 degrees, 
F (1, 18) = 19.84, p< .001, η2 = .524 (Figure 3B), and AOI others, F (1, 18) = 44.37, 
p< .001, η2 = .711 (Figure 3A), demonstrating that number of fixations increased as 
curvature angle increased in each AOI, with the curvature angle being capable of 
explaining, respectively, 63, 42, and 54% of the variation in the number of fixations values. 
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Figure 3. Number of Fixations (units) as a function of curvature angles (degrees) for areas of interest (A) 
others, (B) 10 degrees (B), and (C) 3 degrees [Regression lines shown as dashed lines]. 
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The analysis regarding the absence of fixations (through the use of zero and one 
values) revealed a significant effect of AOI, F (2, 36) = 56.61, p< .001, η2 = .759, showing 
that absence of fixations was significantly higher in the AOI of 3 degrees (M = .491, SE 
= .066) than in the AOI of 10 degrees (M = .927, SE = .022) and others (M = .995, SE 
= .005), p< .001; the AOI of 10 degrees also demonstrated a significantly higher absence 
of fixations than AOI others, p = .026. All unreported effects or interactions on dependent 
variables did not reach significance level. 
  
DISCUSSION 
 
The purpose of this study was to analyze the effects of driving experience in a 
natural context on the utilization of information from the TP during simulated curve 
negotiation in a video game situation. Overall, the results do not corroborate the 
expectation that more experience of “real world” driving would increase the number and 
total duration of fixations during curve negotiation in the video game context (first 
hypothesis); both groups performed similarly in the task. Differently, sharper curves 
demanded more attention from both groups, as revealed by linear trend analysis of gaze 
variables, confirming our second hypothesis. First, we focus on the overview of the TP 
strategy in the present task, after which we discuss the effects of experience and curvature. 
Land and Lee (1994)2 showed that although off-road glances are possible and 
tend to vary with road curvature and with the stage of the bend that the vehicle has 
reached, when entering a new bend, drivers fixated on the TP around 80% of the time, 
which characterizes the need for attention to presumably obtain a correct initial estimate of 
the curvature of the bend. In addition, Land and Lee, using contour plots of the density of 
fixations (with higher densities closer to the TP), showed that 65% of the fixations were 
concentrated on the contours and the rest was widely spread on the visual scene. The 
present study found that participants’ total fixation duration represented 48.8% of their 
fixation time around the TP (combining 7.9% within 3 degrees and 40.9% within 10 
degrees) while 51.2% were on other areas. Similarly, 54.2% of the number of fixations 
occurred around the TP (combining 8.1% within 3 degrees and 46.1% within 10 degrees) 
while 45.8% were on other areas. These findings suggest that participants did not 
exclusively utilize the fovea to obtain information from the bend curvature to perform the 
task. As focal vision covers only a small fraction of visual field, its utilization may not 
always be sufficient to provide useful information to the driver to perform the maneuver. 
This is in line with previous studies showing that parafoveal ability to discriminate useful 
information related to specific tasks can triplicate with training22. Overall, the present study 
seems to confirm that participants used the TP strategy during simulated curve negotiation, 
spending around half of their number and total duration of fixations on the tangent area. 
Although these results are relatively low compared to the findings of Land and Lee (54 vs. 
65% and 49 vs. 80%, respectively), the present study took place in a virtual (video game) 
environment and most curves were moderate in curvature (7 out of 11 curves were below 
60 degrees), aspects expected to decrease attentional effort and gaze fixation features 
towards the tangent area. 
Our initial expectation was that experienced drivers would perform a greater 
number and total duration of fixations towards the TP than non-drivers due to their practice 
in the natural context. However, there were no differences between groups. One possible 
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explanation for understanding the similarity between driver-gamers and non-driver-gamers 
is that both groups had experience in the racing video game environment. In the current 
study, participants’ gaze behavior seemed guided by the task specificity rather than driving 
experience in a natural context. As drivers become more experienced in driving tasks, 
changes in their visual search strategy involve making longer fixations on the most 
relevant parts of the scene, especially in situations with potential hazards, when quick 
decision making is necessary23. In the same vein, participants with experience in driving 
vehicles in a simulated context (video game) may have developed particular visual 
exploration strategies relative to this task. The results indicate that specificity between 
video game experience and experimental task demands was predominant to TP utilization 
during bend maneuver; differently, experience in a natural driving context did not affect the 
pattern of TP fixations in the simulated context. 
Our second hypothesis was confirmed. Curvature angle altered gaze patterns, 
suggesting change in attention requirements from both groups. Linear trend analysis of 
gaze fixation variables revealed that sharper curves were significantly associated with a 
higher number of fixations and total fixation durations. This agrees with previous results 
showing that visual demand and the inverse of curve radius were reciprocal at constant 
speed, with sharper curves increasing the need for visual information24. In addition, motor 
demand increases when driving in a sharper curve, as faster deviations from lane can 
occur, which indicates that TP utilization is linked to maneuver planning. 
 
CONCLUSION 
 
Natural context driving experience did not change the TP visual strategy during 
curve negotiation in a racing video game environment. All participants spent approximately 
half of their number of fixations and total fixation time within 10 degrees around the TP. 
Curvature angles modified fixation patterns, causing a higher number of fixations and total 
fixation time during sharper curves. The findings of the present study have relevant 
implications related to how natural and virtual visual stimuli contexts are mutually 
transferable in terms of driving perceptual and motor learning, as well as regarding 
technological applications for the automotive industry and traffic safety. Theoretically, 
knowledge revealed by this study on the particular, well-known gaze strategy (TP based 
curve negotiation theory) confirms reports on visual attention in the literature and adds 
novelty regarding the role of curvature angle in driving. Practically, the present study 
explored principles related to the use of simulation classes in driving schools (as recently 
required in the driving licensing process in Brazilian Traffic Law), showing that the visual 
control of curve negotiation during natural driving is similarly maintained in the simulated 
context. 
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